ABSTRACT The importance of guanyl nucleotides for calmodulin stimulation of bovine cerebral cortex adenylate cyclase [ATP pyrophosphate-lyase (cyclizing), EC 4.6.1.1] was examined by using a partially purified calmodulin-sensitive adenylate cyclase that was resolved from calmodulin-insensitive forms of the enzyme. By using 5'-adenylyl imidodiphosphate as a substrate, in the absence of an ATP-regenerating system, it was determined that GTP is not required for calmodulin stimulation ofthe enzyme. 
ylate cyclase has not been established. A CaM-insensitive form of bovine cerebral cortex adenylate cyclase has been resolved from the CaM-sensitive enzyme by using CaM-Sepharose (3).
Sensitivity to CaM was restored to the former by incubation of this preparation with detergent-solubilized protein from bovine cerebral cortex, and reconstitution of CaM sensitivity required the presence of5'-guanylyl imidodiphosphate (p[NH]ppG) (4) . On the basis of these data, it was proposed that the guanyl nucleotide regulatory complex (G/F) may be required for CaM stimulation of this enzyme.
If indeed G/F is required for CaM stimulation of adenylate cyclase, then it can be hypothesized that Ca2" regulation of adenylate cyclase may be similar to hormone regulation. In other words, the CaM Ca4+ complex may affect the affinity of G/F for GDP, GTP, or both by analogy with the original Cassel and Selinger model for hormone stimulation. (5) . Because of these considerations, we have examined the influence of GDP and GTP on CaM stimulation of a partially purified adenylate cyclase from bovine brain. The data reported in this study in The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
Adenylate cyclase was pooled on the basis of enzyme activity, avoiding fractions containing more than 250 mM KCI to ensure separation of the enzyme from endogenous CaM. The pooled enzyme solution was desalted on a Bio-Gel P4 column into buffer containing 50 mM Tris-HCl, 250 mM sucrose, 5 mM MgCl2, 1 mM EDTA, 1.1 mM CaCl2, 0.1% Lubrol PX, and 1 mM dithiothreitol/0. 1 mM phenylmethylsulfonyl fluoride (buffer B). The desalted solution was applied to a CaM-Sepharose column equilibrated in buffer B, and the column was washed with 4 column volumes of buffer B and eluted with buffer A. Adenylate cyclase flowing through the column without binding in the presence of Ca2' had no sensitivity to calmodulin. Adenylate cyclase specifically eluted from the CaM-Sepharose column with EDTA was stimulated up to 20-fold by CaM and is referred to as CaM-sensitive adenylate cyclase. This enzyme preparation was purified over 85-fold and was used in all the experiments reported. The specific activities of these preparations varied between 10 and 20 nmol ofcAMP formed per mg of protein per min in the presence of 2.5 ,uM CaM. RESULTS Effect of GTP on CaM Stimulation. In order to determine whether or not GTP is required for CaM stimulation, it was necessary to eliminate contaminating GTP present in commercial ATP preparations (11) and to prevent the formation of GTP by phosphorylation of endogenous GDP (12) . The use of GTPfree p[NH]ppA, which is a poor phosphate donor, minimizes GTP contamination in adenylate cyclase assays (13) . In addition, the assays were carried out in the absence of an ATP-regenerating system in order to ensure no formation of GTP by phosphorylation of endogenous GDP. Assays of adenylate cyclase activity carried out in the presence and absence of an ATP-regenerating system gave identical activities. This sytem was earlier used by Rodbell et al. (14) to demonstrate that guanyl nucleotides are required for hormone stimulation of adenylate cyclase.
The specific activity of CaM-sensitive adenylate cyclase was significantly lower when p[NH]ppA was used as a substrate compared to ATP. With p[NH]ppA and ATP as substrates the specific activities were 1 and 10 nmol cAMP/mg-min, respectively. In the absence of added GTP, 2.5 ,uM CaM stimulated the enzyme approximately 10-fold (Fig. 1) . GTP concentrations as high as 100 iM had no effect on CaM stimulation. Higher concentrations ofGTP inhibited both basal and CaM-stimulated activities to the same extent.
Effect (15, 16) . In addition, guanyl nucleotides are known to affect the affinity of hormone receptors for hormones. These general observations strongly suggest energy coupling for the binding of (18) are both compromised by the uncertainties associated with reconstitution studies using heterogenous undefined preparations. The fact that CaM stimulates adenylate cyclase from only a limited number oftissues (1, 19, 20) suggests that these enzymes are distinct from adenylate cyclases that are not regulated by CaM. By analogy with other CaM-regulated enzymes, it seems likely that direct interactions between CaM and the adenylate cyclase catalytic subunit contribute, at least in part, to CaM stimulation of the enzyme. Interactions between CaM and G/F cannot be solely responsible for CaM stimulation ofbrain adenylate cyclase because a variety ofadenylate cyclases from other tissues contain functional G/F complexes but are not stimulated by CaM. In addition, Bordetella pertussis adenylate cyclase is activated by CaM and this enzyme is insensitive to guanyl nucleotides and does not contain G/F (21) . Although the functional significance of CaM-G/F interactions is still open to question and requires further investigation, the data reported in this study clearly indicate that GTP is not required for CaM stimulation of the partially purified enzyme.
